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(57)Abstract: 

PURPOSE: To provide an optical amplifier 
capable of more faithfully amplifying a signal 
beam compared with a usual example and 
inducing excitation light from a high output 
excitation light source to a core of a smaller size. 
CONSTITUTION: An optical isolator 1 1 
transmits the signal beam in one direction, and 
| outputs it to a second optical fiber cable 102 
•through a first optical fiber cable 101, and on the 
other hand, the excitation light generated by the 
^excitation light source 16 is transmitted to be 
^ outputted through a third fiber cable 24 having 
tapered core and cladding converting from a 
larger pore size to a smaller pore size connected 
to the excitation light source 1 6. A multiplexer 1 5 
reflects the incident excitation light, and excites 
the signal beam by making it incident on the 
second optical fiber cable 102, and passes 
through the signal beam amplified by inductive 
emission in the second optical fiber cable 102 by excitation. The optical isolator 12 
transmits and outputs the signal beam outputted from the multiplexer 15 in one direction. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the light amplifier equipped with the 

fiber optic cable. 

[0002] 

[Description of the Prior Art] The high power optical fiber laser of a wavelength the band 
of 1.064 micrometers is indicated in reference 1 "H. Po et ah, "High power neodymium- 
doped single transverse mode fibre laser", Electronics Letters, Vol.29.No.19, and pp.1500 
August 19, 1993 [ -1501 or ]" (henceforth the 1st conventional example) using the double 
clad fiber optic cable (henceforth a DCF cable) with which Nd (neodium) was added. In 
this 1st conventional example, since Nd is 4 level system, even if it uses the side 
excitation effectiveness, it uses that the excitation light of the high power of 1 5 W can be 
introduced into the 1st comparatively large clad field around a core for that signal light 
can be amplified and a list. 

[0003] Moreover, the optical amplifier constituted using the fiber optic cable with which 
Nd was added is indicated in reference 2 "T. Miyazaki et al., "Neodymium-doped fibre 
amplifier at 1.064micrometer", Electronics Letters, Vol.30.No.25, and pp.2142 December 
8, 1994 [ -2143 or ]." In this 2nd conventional example, gain 30dB or more is realized in 
the fiber optic cable optical amplifier of a wavelength the band of 1 .064 micrometers. 
Only predetermined concentration has added Nd with aluminum into the part (diameter of 
6 micrometer) of the core of a single-mode fiber, and magnification actuation is realized 
when only predetermined length makes the core section spread excitation light with 
signal light. 

[0004] ~ \ 

[Problem(s) to be Solved by the Invention] However, it was reflected at the both ends of 



a DCF cable, the signal light amplified by excitation light in the 1st conventional 
example resonated, in order to carry out laser oscillation, carried out incidence of the 
signal light including an information signal, and had the trouble that it could not be 
amplified faithfully and could not be outputted. 

[0005] Moreover, in the 2nd conventional example, in order to attain a high increase in 
power, it is very difficult for the diameter of opening to be efficient and to introduce the 
excitation light from the high power excitation light source several 100 micrometers or 
more to the core like the diameter of 5 micrometer. Moreover, even if it used the DCF 
cable with which Nd was added, the smaller possible one of the diameter of the 1st clad 
which excitation light spreads was desirable from the point of excitation efficiency, and it 
had the trouble that the incidence image formation of the high power excitation light to 
the 1st clad field of a DCF cable with more small aperture was difficult. 
[0006] It is in the purpose of this invention offering the light amplifier which can solve 
the above trouble, can amplify signal light faithfully as compared with the conventional 
example, and can moreover introduce the excitation light from the high power excitation 
light source into the core of a smaller path. 
[0007] 

[Means for Solving the Problem] The 1st fiber optic cable of a single mode with which 
the light amplifier according to claim 1 concerning this invention has a core and a clad, 
The core which has the same core diameter as the core diameter of the 1st fiber optic 
cable of the above and by which predetermined rare earth elements and other elements 
, were doped, The 1st clad which has the same path as the diameter of a clad of the 1st 
fiber optic cable of the above, The 2nd fiber optic cable of a single mode which has the 
2nd clad which has bigger aperture than the 1st clad of the above, and was connected 
with the 1st fiber optic cable of the above on the same axle, The 1st optical isolator which 
transmits the signal light inputted by having predetermined signal light wave length to a 
predetermined one direction, and is outputted to the 2nd fiber optic cable of the above 
through the 1st fiber optic cable of the above, A generating means to generate the 
excitation light which has predetermined excitation light wave length, and the core of the 
shape of a taper changed into smaller aperture from big aperture rather than it connects 
with the above-mentioned generating means, The 3rd fiber optic cable of the multimode 
which transmits and outputs the excitation light which has a clad and was generated by 
the above-mentioned generating means, By reflecting the excitation light outputted from 
the 3rd fiber optic cable of the above, and carrying out incidence to the 2nd fiber optic 
cable of the above The signal light transmitted in the 2nd fiber optic cable of the above is 
excited by the above-mentioned excitation light. A multiplexer means to make pass the 
signal light which is amplified by the induced emission in the 2nd fiber optic cable of the 
above by the above-mentioned excitation, and is outputted from the 2nd fiber optic cable 
of the above, and to output in the direction different from the above-mentioned excitation 
light, It is characterized by having the 2nd optical isolator which transmits and outputs 
the signal light outputted from the above-mentioned multiplexer means to a 
predetermined one direction. , 

[0008] Moreover, the light amplifier according to claim 2 concerning this invention A 
core and the 1st fiber optic cable of the single mode which has a clad, The core which has 
the same core diameter as the core diameter of the 1st fiber optic cable of the above and 
by which predetermined rare earth elements and other elements were doped, The 1st clad 



which has the same path as the diameter of a clad of the 1st fiber optic cable of the above, 
The 2nd fiber optic cable of a single mode which has the 2nd clad which has bigger 
aperture than the 1st clad of the above, and was connected with the 1st fiber optic cable 
of the above on the same axle, A generating means to generate the excitation light which 
has predetermined excitation light wave length, and the core of the shape of a taper 
changed into small aperture rather than it connects with the above-mentioned generating 
means and connects with the 2nd fiber optic cable of the above from big aperture, The 
3rd fiber optic cable of the multimode which has a clad, transmits the excitation light 
generated by the above-mentioned generating means, and is outputted to the 2nd fiber 
optic cable of the above, A reflective means to reflect signal light although it is prepared 
in the connection section between the 2nd fiber optic cable of the above, and the 3rd fiber 
optic cable, of the above, or the 2nd fiber optic cable of the above near [ concerned ] the 
connection section and the above-mentioned excitation light is passed, By transmitting 
the signal light inputted by having predetermined signal light wave length to a 
predetermined one direction, and carrying out incidence to the 2nd fiber optic cable of the 
above through the 1st fiber optic cable of the above The signal light transmitted in the 
2nd fiber optic cable of the above is excited by the above-mentioned excitation light. By 
the induced emission in the 2nd fiber optic cable of the above by the al?ove-mentioned 
excitation It is characterized by having the optical circulator which transmits the signal 
light which is reflected by the amplified account of Gokami reflective means, and is 
outputted from the 1st fiber optic cable of the above through the 2nd fiber optic cable of 
the above to a predetermined one direction. 

[0009] Moreover, light amplifier according to claim 3 is characterized by the above- 
mentioned reflective means being the dichroic mirror prepared in the connection section 
between the 2nd fiber optic cable of the above, and the 3rd fiber optic cable of the above 
in light amplifier according to claim 2. 

[0010] Furthermore, in light amplifier according to claim 2, the above-mentioned 
reflective means is formed in the connection section between the 2nd fiber optic cable of 
the above, and the 3rd fiber optic cable of the above, and light amplifier according to 
claim 4 is characterized by being the multilayers layer formed on the dielectric substrate. 
[001 1] Furthermore, light amplifier according to claim 5 is characterized by the above- 
mentioned reflective means being the diffraction grating formed in the 2nd fiber optic 
cable of the above near [ between the 2nd fiber optic cable of the above, and the 3rd fiber . 
optic cable of the above ] the connection section in light amplifier according to claim 2. 
[0012] 

[Function] In the light amplifier according to claim 1 constituted as mentipned above, the 
1 st optical isolator of the above transmits the signal light inputted by having 
predetermined signal light wave length to a predetermined one direction, and outputs it to 
the 2nd fiber optic cable of the above through the 1st fiber optic cable of the above. On 
the other hand, the 3rd fiber optic cable of the above has the core of the shape of a taper 
changed into smaller aperture from big aperture rather than it connects with the above- 
, mentioned generating means, and a clad, and transmits and outputs the excitation light 
generated by the above-mentioned generating means. The above-mentioned multiplexer 
means passes the signal light which excites the signal light transmitted in the 2nd fiber 
optic cable of the above by the above-mentioned excitation light, is amplified by the 
induced emission in the 2nd fiber optic cable of the above by the above-mentioned 



excitation, and is outputted from the 2nd fiber optic cable of the above, and outputs in the 
direction different from the above-mentioned excitation light by reflecting the excitation 
light outputted from the 3rd fiber optic cable of the above, and carrying out incidence to 
the 2nd fiber optic cable of the above. And the 2nd optical isolator of the above transmits 
and outputs the signal light outputted from the above-mentioned multiplexer means to a 
predetermined one direction. 

[0013] Moreover, in light amplifier according to claim 2, the 3rd fiber optic cable of the 
above has the core of the shape of a taper changed into small aperture rather than it 
connects with the above-mentioned generating means and connects with the 2nd fiber 
optic cable of the above from big aperture, and a clad, transmits the excitation light 
generated by the above-mentioned generating means, and outputs it to the 2nd fiber optic 
cable of the above. The above-mentioned optical circulator by transmitting the signal 
light inputted by having predetermined signal light wave length to a predetermined one 
direction, and carrying out incidence to the 2nd fiber optic cable of the above through the 
1st fiber optic cable of the above The signal light transmitted in the 2nd fiber optic cable 
of the above is excited by the above-mentioned excitation light. The signal light which is 
reflected by the account of Gokami reflective means amplified by the induced emission 
in the 2nd fiber optic cable of the above by the above-mentioned excitation, and is 
outputted from the 1st fiber optic cable of the above through the 2nd fiber optic cable of 
the above is transmitted to a predetermined one direction. 

[0014] Moreover, in light amplifier according to claim 3, the above-mentioned reflective 
means is the dichroic mirror prepared in the connection section between the 2nd fiber 
optic cable of the above, and the 3rd fiber optic cable of the above preferably. 
[0015] Furthermore, in light amplifier according to claim 4, the above-mentioned 
reflective means is the multilayers layer which was prepared in the connection section 
between the 2nd fiber optic cable of the above, and the 3rd fiber optic cable of the above, 
and was preferably formed on the dielectric substrate. 

[0016] Furthermore, in light amplifier according to claim 5, the above-mentioned 
reflective means is the diffraction grating formed in the 2nd fiber optic cable of the above 
near [ between the 2nd fiber optic cable of the above, and the 3rd fiber optic cable of the 
above ] the connection section preferably. 
[0017] 

[Example] Hereafter, the example which starts this invention with reference to a drawing 
is explained. In the following specifications and drawings, a single mode double clad 
fiber optic cable is called DCF cable, a single-mode fiber is called SMF cable, a 
polarization preservation mold fiber optic cable is called PMF cable, and a multimode 
fiber is called MMF cable. 

[0018] <lst example> drawing 1 is the block diagram of the back excitation mold light 
amplifier which is the 1st example concerning this invention. The back excitation mold 
light amplifier of this 1st example is equipped with optical isolators 1 1 and 12, the DCF 
cable 100 with a single-sided SMF cable, a multiplexer 15, the excitation light source 16, 
the MMF cable 23, and the taper-like MMF cable 24, and is constituted. 
[0019] As shown in drawing 1 , the laser beam of the single mode of for example, the 
wavelength the band of 1 .06 micrometers generated by the laser light source 1 which is 
Nd:YAG laser is inputted into an optical modulator 2 through the PMF cable 21. An 
optical modulator 2 carries out intensity modulation of the laser beam inputted with the 



baseband signaling which is an information signal into which it is inputted. As a signal 
light It outputs to a multiplexer 1 5 through the SMF cable 22, the optical isolator 1 1 
which passes signal light in the predetermined one direction from an input edge to an 
outgoing end, and the DCF cable 100 with a single-sided SMF cable. Here, wavelength 
the band of 1.06 micrometers is a wavelength range from 1.05 micrometers to 1.07 
micrometers. Moreover, the DCF cable 100 with a single-sided SMF cable is 
manufactured so that the detail after-mentioned may be carried out, and the SMF cable 
101 and the DCF cable 102 come to connect it. Signal light is inputted into a multiplexer 
15 through the SMF cable 101 and the DCF cable 102 from an optical isolator 1 1 . 
[0020] In this example, although the optical modulator 2 is carrying out intensity 
modulation of the laser beam, it may be constituted so that a phase modulation may be 
carried out. 

[0021] The above-mentioned DCF cable 100 with a single-sided SMF cable is the 
following, and is made and manufactured. First, DCF cable lOOf [ finishing / 
manufacture ] is prepared by the well-known approach. In this DCF cable lOOf, as shown 
in drawing 8 , the 1st clad 111 of an annular cross section is formed so that the perimeter 
of the core 1 10 of a circular cross section may be covered, and the 2nd clad 1 12 of the 
annular cross section which has bigger aperture than the 1st clad 1 1 1 further so that the 
perimeter of the 1st clad 111 may be covered is formed. Here, a core 110 and the 1st clad 
111 become with the quartz glass with which refractive indexes differ mutually, and its 
refractive index of the 1st clad 1 1 1 is smaller than the refractive index of a core 110. 
Moreover, the 2nd clad 1 12 becomes in the low refractive-index polymer which has a 
refractive index smaller than the 1st clad 111. Here, the 2nd clad 1 12 may be the quartz 
glass with which the fluorine was added. The DCF cable lOOf concerned, it is 
manufactured by the well-known vacuum arc heating decarbonizing process, for example, 
Nd, Er, or Pr is mainly doped by the part of a core 1 10 as predetermined rare earth 
elements, and aluminum, Pr, or germanium is doped as other elements. 
[0022] Subsequently, as shown in drawing 9 , only predetermined die length removes the 
2nd clad 112 from a DCF cable lOOf end. On the other hand, as shown in drawing 10 , it 
is covered with the primary covering film 1 14 which becomes with the silicon system 
plastics which has a larger refractive index than the 1st clad 111 around the SMF cable 
which 1st clad 1 1 la of an annular cross section is formed, and becomes so that the 
perimeter of core 1 10a of a circular cross section may be covered, and SMF cable lOOg 
which should be connected is formed. The end of this SMF cable 100 is connected so that 
it may become the same axle to the end by the side of the 2nd clad 1 12 removal of DCF 
cable lOOf. Here, an SMF cable lOOg core diameter is equal to a DCF cable lOOf core, 
and the SMF cable lOOg diameter of a clad is equal to the 1st DCF cable lOOf diameter of 
a clad. And the predetermined die length of the primary covering film 1 14 is covered at a 
part from the part from which the 2nd DCF cable lOOf clad 1 12 was removed. After 
covering with the welding armored tube 1 1 5 of the annular cross section which becomes 
with a thermoset plastic, for example, by impressing predetermined heat to the peripheral 
face of the welding armored tube 115 concerned The cross section of the SMF cable 101 
and the cross section of the DCF cable 102 can be carried out welding 121, and SMF 
cable lOlg can be connected with DCF cable lOOf on the same axle. By this The DCF 
cable 100 with a single-sided SMF cable which consists of an SMF cable 101 and a DCF 
cable 102 can be manufactured. 



[0023] On the other hand, the excitation light source 16 is a laser light source, and it 
generates the excitation light which has the excitation wavelength of predetermined 0.80- 
micrometpr band which is wavelength lower than signal light, and it carries out outgoing 
radiation to a multiplexer 15 through the MMF cable 23 which has core 23c of a circular 
cross section, and core 24c of the circular cross section where a core diameter becomes 
small by the shape of a taper and the taper-like MMF cable 24 which has clad 24r of a 
wrap annular cross section for the perimeter. Here, 0.80-mierometer band says the 
wavelength range from 0.800 micrometers to 0.810 micrometers. The taper-like MMF 
cable 24 is connected by welding 25 by the end by the side of the MMF cable 23 on the 
end and the same axle with a same core diameter of 400 micrometers of the MMF cable 
23, and the path becomes small toward a multiplexer 15 in a coaxial configuration, and 
core 24c of the taper-like MMF cable 24 is formed by the shape of a taper [ like ], and 
has the core diameter of .125micrometer at the connection edge of a multiplexer 15. 
Therefore, the taper-like MMF cable 24 can change excitation light into the core of a 
smaller path, and can introduce it into a multiplexer 15. 

[0024] A multiplexer 15 is wavelength multiplexer which multiplexes the signal light 
from which wavelength differs mutually, and excitation light, and as shown in drawing 2 , 
it has a collimate lens 150,151 and a dichroic mirror 152, and it is constituted. The 
laminating only of the number of laminatings predetermined in the low reflection film 
which has 5% or less of low reflection factor on the high reflective thin film which has 
99% or more of high reflection factor on the wavelength of exfcitation light, and has a 
high refractive index, and the wavelength of signal light, and has a low refractive index 
by turns is carried out, and a dichroic mirror 152 is constituted. Therefore, a dichroic 
mirror 152 is passed, without reflecting signal light, although excitation light is reflected. 
After carrying out incidence of the excitation light EB by which outgoing radiation was 
carried out from the taper-like MMF cable 24 to a collimate lens 151 and changing it into 
an parallel beam of light, it is reflected by the dichroic mirror 152 and incidence of it is 
carried out to a collimate lens 150. A collimate lens 150 extracts the beam of the 
excitation light EB to the path of the 1 st clad 1 1 1 of the DCF cable 1 02, or a path [ a 
little ] smaller than it, and it is made it to carry out incidence to the 1st clad 1 1 V of the 
DCF cable 102. 

[0025] In the DCF cable 102, the signal light currently transmitted toward the multiplexer 
15 is excited by excitation light, it is amplified by the induced emission in the rare earth 
elements contained in the core 1 10 by the above-mentioned excitation, and incidence of 
the signal light which has the wavelength of the amplified 1.06-micrometer band 
concerned is carried out to a collimator lens 150 through 102s of outgoing radiation edges 
of the DCF cable 102. A collimator lens 150 carries out outgoing radiation of the signal 
light which carried out incidence to the dichroic mirror 152 from the light amplifier 10 
concerned through the optical isolator 12 which carries out outgoing radiation to an 
outgoing end from an input edge, after changing into a parallel ray the signal light which 
carried out incidence. Here, in order to prevent laser oscillation so that signal light may 
not return to the core 1 10 of the DCF cable 102 namely, as shown in drawing 2 , slanting 
polish of the 102s of the outgoing radiation edges of the signal light EB of the DCF cable 
102 is carried out with a tilt angle at theta = about 6 degrees thru/or about 8 degrees. 
[0026] As explained above, in this example, the back excitation mold light amplifier 
which can amplify signal light faithfully, using the DCF cable 100 with a single-sided 



SMF cable and a multiplexer 15 as a fiber optic cable with which rare earth elements 
were added can be constituted. Moreover, with the taper-like MMF cable 24, the diameter 
of opening can make the excitation light from the excitation light source 16 of 
comparatively large high power able to introduce at high effectiveness as compared with 
the conventional example to the 1st clad 1 1 1 of the DCF cable 102 with more small 
aperture, and can output signal light by higher output power as compared with the 
conventional example. 

[0027] <2nd example> drawing 3 is the block diagram of the reflective double pass mold 
light amplifier which is the 2nd example concerning this invention. In drawing 3 , the 
same sign is attached about the same thing as drawing 1 of the 1st example, and drawing 
2 , and the explanation is omitted. The light amplifier of this 2nd example is equipped 
with an optical circulator 31, the DCF cable 100 with a single-sided SMF cable, the 
taper-like MMF cable 24, the MMF cable 23, and the excitation light source 16, and is 
constituted. 

[0028] As shown in drawing 3 , the laser beam of the single mode of a wavelength the 
band of 1.06 micrometers is inputted into an optical modulator 2 through the PMF cable 
21, for example, intensity modulation of the laser beam which was generated by the laser 
light source 1 which is Nd:YAG laser and which is inputted is carried out with the 
baseband signaling which is an information signal into which it is inputted, and an optical 
modulator 2 carries out incidence to the 1st terminal of an optical circulator 31 through 
the PMF cable 26 as a signal light. Incidence of the signal light which carried out 
incidence to the 1st terminal of an optical circulator 31 is carried out to the DGF cable 
102 from the 2nd terminal through the SMF cable 101 of the DCF cable 100 with a 
single-sided SMF cable. 

[0029] The DCF cable [ in / in drawing 4 / drawing 3 ] 100 with a single-sided SMF 
cable, It is drawing showing the connection section with the taper-like MMF cable 24, 
and drawing 4 (a) is drawing of longitudinal section showing the edge of the DCF cable 
102. Drawing 4 (b) is the sectional view showing the end face of the DCF cable 102 
except dichroic mirror 34m. Drawing 4 (d) is drawing of longitudinal section showing the 
edge of the taper-like MMF cable 24, and drawing 4 (c) is the sectional view showing the 
end face of the taper-like MMF cable 24 except dichroic mirror 33m. 
[0030] As shown in the perimeter of the other end of the DCF cable 100 with a single- 
sided SMF cable at (a) of drawing 4 , the FERU rule 34 for connectors is formed and 
dichroic mirror 34m is formed in the other end side of the DCF cable 100 with a single- 
sided SMF cable. On the other hand, the FERU rule 33 for connectors is formed in the 
perimeter of the end face of the taper-like MMF cable 24 connected with the other end 
side of the DCF cable 100 with a single-sided SMF cable, dichroic mirror 33m is formed 
in the end face of the taper-like MMF cable 24, dichroic mirror 33m and dichroic mirror 
34m are connected by end faces, connection immobilization is carried out for example, 
/by the screw stop, and each flange of the FERU rules 33 and 34 for connectors forms the 
connection section 35. 

[13031] Here, the path of core 24c in the end face of the taper-like MMF cable 24 is set up 
so that it may become equal to the path of the 1st clad 1 1 1 of the DCF cable 102. 
Moreover, dichroic mirrors 33m and 34m are passed, without reflecting excitation light, 
although the laminating only of the predetermined number of laminatings is carried out, it 
is constituted and the low reflection film which has 99% or more of high reflection factor 



on the wavelength of signal light, has 5% or less of low reflection factor on the high 
reflective thin film which has a high refractive index, and the wavelength of excitation 
light, respectively, and has a low refractive index reflects signal light by turns. Therefore, 
the excitation light source 16 generates the excitation light which has the excitation 
wavelength of predetermined 0.80-micrometer band of the single mode which is 
wavelength lower than signal light, and it is made it to carry out incidence to the 1st clad 
1 1 1 of the DCF cable 102 through core 23c of the MMF cable 23, and core 24c of the 
taper-like MMF cable 24. Here, once changing the outgoing radiation light from the 
MMF cable 23 for the excitation light sources with comparatively big aperture into the 
small diameter of propagating mode by low loss with the taper-like MMF cable 24, it is 
made to' combine with the 1st clad 1 1 1 of DCF **** 102, and incidence of it is carried 
out. 

[0032] In the DCF cable 102, the signal light currently transmitted toward the connection 
section 16 The signal light which is excited by excitation light, is amplified by the 
induced emissidn in the rare earth elements contained in the core 1 10 by the above- 
mentioned excitation, and has the wavelength of the amplified 1.06-micrometer band 
concerned It is reflected by dichroic mirror 34m, and incidence is returned and carried 
out to the 2nd terminal of an optical circulator 31 through the DCF cable 102 of the DCF 
cable 1 00 with a single-sided SMF cable, and the SMF cable 101. That is, signal light is 
amplified, being transmitted when going and coming back to the DCF cable 102. An 
optical circulator 31 turns and carries out outgoing radiation of the amplified signal light 
which carried out incidence to the 2nd terminal to an external device from the 3rd 
terminal. 

[0033] As explained above, in this example, by going, coming back to and transmitting 
the DCF cable 102 of the DCF cable 100 with a single-sided SMF cable and the SMF 
cable 101 with which rare earth elements were added and which are a fiber optic cable, 
signal light will be amplified and outgoing radiation will be carried out from the 3rd 
terminal of an optical circulator 31. Here, it outputs from an optical circulator 31, and the 
light which carries out reflective feedback is removed by the optical circulator 31, and 
stable magnification actuation is maintained, without being influenced of reflective 
feedback light. Therefore, signal light is faithfully amplified as compared with the 
conventional example. Moreover, with the taper-like MMF cable 24, the diameter of 
opening can make the excitation light from the excitation light source 16 of 
comparatively large high power able to introduce at high effectiveness as compared with 
the conventional example to the 1st clad 111 of the DCF cable 102 with more small 
aperture, and can output signal light by higher output power as compared with the 
conventional example. 

[0034] It may replace with the connection section 35 of this 2nd example, and as shown 
in drawing 5 , the thing in which the multilayers layer 121 was formed on the dielectric 
substrate 120 may be used. In addition, in drawing 5 , it is omitting about the FERU rule 
for connectors. While the taper-like MMF cable 24 is connected with the field in which 
the multilayers layer 121 of the dielectric substrate 120 is not formed, the DCF cable 102 
is connected on the multilayers layer 121. The dielectric substrate 120 becomes with a 
polyimide film or glass, has a very small reflection factor in excitation light wave length, 
and passes excitation-light. Moreover, the multilayers layer 121 is passed, without 
reflecting excitation light, although the laminating only of the predetermined number of 



laminatings is carried out, it is constituted and the low reflection film which has 5% or 
less of low reflection factor on the high reflective thin film which has 99% or more of 
v high reflection factor on the wavelength of signal light, and has a high refractive index, 
and the wavelength of excitation light, and has a low refractive index reflects signal light 
by turns. Therefore, incidence of the excitation light is carried out to the DCF cable 102 
through the dielectric substrate 120 and the multilayers layer 121 from the taper-like 
MMF cable 24. Signal light is again amplified, transmitting the DCF cable 102, after it is 
amplified transmitting the DCF cable 102 and being reflected by the multilayers layer 
121. 

[0035] Moreover, as it replaces with the 2nd example of the above and is shown in 
drawing 6 , while carrying out the end face of the taper-like MMF cable 24, and the end 
face of the DCF cable 102 welding 120 Near the connection welding section in the core 
1 10 of the DCF cable 102, as signal light wave length is shown in drawing 7 1 lOg of 
fiber grating sections may be formed, and you may make it operate as a false dichroic 
mirror by forming the diffraction grating which serves as a higher reflection factor 
compared with excitation light wave length. In addition, also in drawing 6 , it is omitting 
about the FERU rule for connectors. Also in this case, signal light and excitation light are 
transmitted like an above-mentioned modification. 
[0036] 

[Effect of the Invention] According to the light amplifier according to claim 1 applied to 
this invention as explained in full detail above A core and the 1st fiber optic cable of the 
single mode which has a clad, The core which has the same core diameter as the core 
diameter of the 1st fiber optic cable of the above and by which predetermined rare earth 
elements and other elements were doped, The 1st clad which has the same path as the 
diameter of a clad of the 1st fiber optic cable of the above, The 2nd fiber optic cable of a 
single mode which has the 2nd clad which has bigger aperture than the 1st clad of the 
above, and was connected with the 1st fiber optic cable of the above on the same axle, 
The 1st optical isolator which transmits the signal light inputted by having predetermined 
signal light wave length to a predetermined one direction, and is outputted to the 2nd 
fiber optic cable of the above through the 1st fiber optic cable of the above, A generating 
means to generate the excitation light which has predetermined excitation light wave 
length, and the core of the shape of a taper changed into smaller aperture from big 
aperture rather than it connects with the above-mentioned generating means, The 3rd 
fiber optic cable of the multimode which transmits and outputs the excitation light which 
has a clad and was generated by the above-mentioned generating means, By reflecting the 
excitation light outputted from the 3rd fiber optic cable of the above, and carrying out 
incidence to the 2nd fiber optic cable of the above The signal light transmitted in the 2nd 
fiber optic cable of the above is excited by the above-mentioned excitation light. A 
multiplexer means to make pass the signal light which is amplified by the induced 
emission in the 2nd fiber optic cable of the above by the above-mentioned excitation, and 
is outputted from the 2nd fiber optic cable of the above, and to output in the direction 
different from the above-mentioned excitation light, It has the 2nd optical isolator which 
transmits and outputs the signal light outputted from the above-mentioned multiplexer 
means to a predetermined one direction. Therefore, the back excitation mold light 
amplifier which can amplify signal light faithfully can be constituted as a fiber optic 
cable with which rare earth elements were added using the above 1st, the 2nd fiber optic 



cable, and the above-mentioned multiplexer which were connected mutually. Moreover, 
with the 3rd fiber optic cable which has a taper-like core, the diameter of opening can 
make the excitation light from the excitation light source of comparatively large high 
power able to introduce at high effectiveness as compared with the conventional example 
to the 1st clad of the 2nd small fiber optic cable of the above of aperture more, and can 
output signal light by higher output power as compared with the conventional example. 
[0037] Moreover, the 1st fiber optic cable of the single mode which has a core and a clad 
according to the light amplifier according to claim 2 concerning this invention, The core 
which has the same core diameter as the core diameter of the 1st fiber optic cable of the 
above and by which predetermined rare earth elements and other elements were doped, 
The 1st clad which has the same path as the diameter of a clad of the 1st fiber optic cable 
of the above, The 2nd fiber optic cable of a single mode which has the 2nd clad which 
has bigger aperture than the 1st clad of the above, and was connected with the 1st fiber 
optic cable of the above on the same axle, A generating means to generate the excitation 
light which has predetermined excitation light wave length, and the core of the shape of a 
taper changed into small aperture rather than it connects with the above-mentioned 
generating means and connects with the 2nd fiber optic cable of the above from big 
aperture, The 3rd fiber optic cable of the multimode which has a clad, transmits the 
excitation light generated by the above-mentioned generating means, and is outputted to 
the 2nd fiber optic cable of the above, A reflective means to reflect signal light although 
it is prepared in the connection section between the 2nd fiber optic cable of the above, 
and the 3rd fiber optic cable of the above, or the 2nd fiber optic cable of the above near 
[ concerned ] the connection section and the above-mentioned excitation light is passed, 
By transmitting the signal light inputted by having predetermined signal light wave 
length to a predetermined one direction, and carrying out incidence to the 2nd fiber optic 
cable of the above through the 1st fiber optic cable of the above The signal light 
transmitted in the 2nd fiber optic cable of the above is excited by the above-mentioned 
excitation light. By the induced emission in the 2nd fiber optic cable of the above by the 
above-mentioned excitation It has the optical circulator which transmits the signal light 
which is reflected by the amplified account of Gokami reflective means, and is outputted 
from the 1st fiber optic cable of the above through the 2nd fiber optic cable of the above 
to a predetermined one direction. Here, it outputs from the above-mentioned optical 
circulator, and the light which carries out reflective feedback is removed by the optical 
circulator, and stable magnification actuation is maintained, without being influenced of 
reflective feedback light. Therefore, signal light is faithfully amplified as compared with 
the conventional example. Moreover, with the 3rd fiber optic cable which has a taper-like 
core, the diameter of opening can make the excitation light from the excitation light 
source of comparatively large high power able to introduce at high effectiveness as 
compared with the conventional example to the 1st clad of the 2nd small fiber optic cable 
of the above of aperture more, and can output signal light by higher output power as 
compared with the conventional example. 

[0038] Moreover, according to the light amplifier according to claim 3, in light amplifier 
according to claim 2, the above-mentioned reflective means is the dichroic mirror 
prepared in the connection section between the 2nd fiber optic cable of the above, and the 
3rd fiber optic cable of the above. Since it can constitute from a thereby more easy 
equipment configuration, a manufacturing cost can be made cheap. 



[0039] Furthermore, according to the light amplifier according to claim 4, in light 
amplifier according to claim 2, the above-mentioned reflective means is the multilayers 
layer which was prepared in the connection section between the 2nd fiber optic cable of 
the above, and the 3rd fiber optic cable of the above, and was formed on the dielectric 
substrate. Since it can constitute from a thereby more easy equipment configuration, a 
manufacturing cost can be made cheap. 

[0040] Furthermore, according to the light amplifier according to claim 5, in light 
amplifier according to claim 2, the above-mentioned reflective means is the diffraction 
grating formed in the 2nd fiber optic cable of the above near [ between the 2nd fiber optic 
\jcable of the above, and the 3rd fiber optic cable of the above ] the connection section. 
Since it can constitute from a thereby more easy equipment configuration, a 
manufacturing cost can be made cheap. 

CLAIMS 



[Claim(s)] 

[Claim 1] A core and the 1st fiber optic cable of the single mode which has a clad, The 
core which has the same core diameter as the core diameter of the 1st fiber optic cable of 
the above and by which predetermined rare earth elements and other elements were 
doped, The 1st clad which has the same path as the diameter of a clad of the 1st fiber 
optic cable of the above, The 2nd fiber optic cable of a single mode which has the 2nd 
clad which has bigger aperture than the 1st clad of the above, and was connected with the 
1 st fiber optic cable of the above on the same axle, The 1st optical isolator which 
transmits the signal light inputted by having predetermined signal light wave length to a 
predetermined one direction, and is outputted to the 2nd fiber optic cable of the above 
through the 1st fiber optic cable of the above, A generating means to generate the 
excitation light which has predetermined excitation light wave length, and the core of the 
shape of a taper changed into smaller aperture from big aperture rather than it connects 
with the above-mentioned generating means, The 3rd fiber optic cable of the multimode 
which transmits and outputs the excitation light which has a clad and was generated by 
> the above-mentioned generating means, By reflecting the excitation light outputted from 
the 3rd fiber optic cable of the above, and carrying out incidence to the 2nd fiber optic 
cable of the above The signal light transmitted in the 2nd fiber optic cable of the above is 
excited by the above-mentioned excitation light. A multiplexer means to make pass the 
signal light which is amplified by the induced emission in the 2nd fiber optic cable of the 
above by the above-mentioned excitation, and is outputted from the 2nd fiber optic cable 
of the above, and to output in the direction different from the above-mentioned excitation 
light, Light amplifier characterized by having the 2nd optical isolator which transmits and 
outputs the signal light outputted from the above-mentioned multiplexer means to a 
predetermined one direction. 

[Claim 2] A core and the 1st fiber optic cable of the single mode which has a clad, The 
core which has the same core diameter as the core diameter of the 1st fiber optic cable of 
the above and by which predetermined rare earth elements and other elements were 
doped, The 1st clad which has the same path as the diameter of a clad of the 1st fiber 
optic cable of the above, The 2nd fiber optic cable of a single mode which has the 2nd 



clad which has bigger aperture than the 1st clad of the above, and was connected with the 
1st fiber optic cable of the above on the same axle, A generating means to generate the 
excitation light which has predetermined excitation light wave length, and the core of the 
shape of a taper changed into small aperture rather than it connects with the above- 
mentioned generating means and connects with the 2nd fiber optic cable of the above 
from big aperture, The 3rd fiber optic cable of the multimode which has a clad, transmits 
the excitation light generated by the above-mentioned generating means, and is outputted 
to the 2nd fiber optic cable of the above, A reflective means to reflect signal light 
although it is prepared in the connection section between the 2nd fiber optic cable of the 
above, and the 3rd fiber optic cable of the above, or the 2nd fiber optic cable of the above 
near [ concerned ] the connection section and the above-mentioned excitation light is 
passed, By transmitting the signal light inputted by having predetermined signal light 
wave length to a predetermined one direction, and carrying out incidence to the 2nd fiber 
optic cable of the above through the 1st fiber optic cable of the above The signal light 
transmitted in the 2nd fiber optic cable of the above is excited by the above-mentioned 
excitation light. By the induced emission in the 2nd fiber optic cable of the above by the 
above-mentioned excitation Light amplifier characterized by having the optical circulator 
which transmits the signal light which is reflected by the amplified account of Gokami 
reflective means, and is outputted from the 1st fiber optic cable of the above through the 
2nd fiber optic cable of the above to a predetermined one direction. 
[Claim 3]The above-mentioned reflective means is light amplifier according to claim 2 
characterized by being the dichroic mirror prepared in the connection section between the 
2nd fiber optic cable of the above, and the 3rd fiber optic cable of the above. 
[Claim 4] The above-mentioned reflective means is light amplifier according to claim 2 
characterized by being the multilayers layer which was prepared in the connection section 
between the 2nd fiber optic cable of the above, and the 3rd fiber optic cable of the above, 
and was formed on the dielectric substrate. - 
[Claim 5] The above-mentioned reflective means is light amplifier according to claim 2 
characterized by being the diffraction grating formed in the 2nd fiber optic cable of the 
above near [ between the 2nd fiber optic cable of the above, and the 3rd fiber optic cable 
of the above ] the connection section. 
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